It is generally accepted that in the chick spleen the development of the lymphoid tissue surrounding the arterioles (periarterial lymphoid tissue) is dependent on the thymus and germinal center cells and plasma cells are derived from the bursa of Fabricius. These conclusions have been drawn from the marked depletion of specific type of lymphoid cells at the specific areas in the spleen after the extirpation of, or the severe damage to, the bursa or the thymus or both Mori and Hoshi 1971, Hoshi 1972) . A successful restoration in bursectomized and X-irradiated chickens of germinal centers and plasma cells following an infusion of unirradiated autologous bursal lymphoid cells (Cooper et al. 1966) provided a support for the concept that germinal center cells and plasma cells may be a direct cell lineage stemming from bursal cells.
Previous study from this laboratory (Mori and Hoshi 1971, Hoshi 1972 ) revealed that the white pulp of the chick spleen was composed of the periarterial In this study, autologous or homologous bursal cells have been injected into bursectomized and X-irradiated chickens in an attempt to reconstitute the periellipsoidal lymphoid tissue.
MATERIALS AND METHODS
Male White Leghorn chickens were obtained from a regional hatchery within 24 hours after hatching.
In the series of experiments described below, the chickens used were surgically bursectomized and immediately exposed to X-ray irradiation at a sublethal dose (650 r). This BX-treatment was done within 48 hours after hatching with the exception of Experiment 4. Chickens that had been bursectomized and irradiated but not subjected to the injection of bursa cells were used as BX-control group. Untreated normal chickens served as normal control. At sacrifice, the spleens were harvested, fixed with Zenker formol and embedded in paraffin. Sections were stained with May-Grunwald and Giemsa stain.
The radiation factors were: 180kvp, 20ma, filter 0.7mm Cu+0.5mm Al, HVL 1.22 mm Cu, dose rate in air 69r/min at 40cm.
Suspensions of bursal cells were prepared according to the description of Billingham (1961) . Aseptically extirpated bursae were cut into fragments and pressed lightly with flat-ended glass pestle through a 50 meshed stainless steel sieve in a Petri dish which was filled with a few ml of physiological saline or tissue culture medium 199, both containing chloromycetin (0.5g/100ml).
After passing through a 120meshed stainless steel sieve, the suspensions were centrifuged at 1,000 rpm for 5min and the cells were resuspended in the original media. The cell suspensions of autologus bursal cells were prepared separately for respective bursae, whereas those of homologous cells were made from the bursae taken from normal chickens and pooled. The number of viable cells was counted using the hemocytometer. Experiment 1. Injection of autologous bursal cells: Twenty-four chickens were bursectomized and X-irradiated, and divided into two halves. One half were immediately given an intraperitoneal injection of approximately 1 X 106 of their own unirradiated bursal cells. Another half were left as the BX-control.
All the birds were sacrificed at 11 days of age. was done at days 8 and 9 after hatching . At each time , chickens of the first group received about 5 x 106 of viable cells that were obtained from newly hatched chicke ns and those of the second group about 1 X 108 of cells from 4-week-old chickens . Ten days after the last injection all the experimental and BX-control chickens were sacrificed .
Experiment 4. Injection of autologous bursal cells at around 2 weeks of age: Nineteen chickens aged 14 and 18 days were bursectomized and exposed to 700 r of whole body Xirradiation.
Ten of them were immediately subjected to an intraperitoneal injection of approximately 5-10X102 of their own unirradiated bursal cells . Nine birds were left as BX-control.
All the bursectomized-irradiated birds were sacrificed 10 days later . In order to estimate the effect of the experimental procedures , morphological features of the spleens of experimental chickens were compared with those of BX .-control and normal control chickens.
Histological evaluation of various lymphoid components of the spleens was presented in the tabulated form as did in my previous report (Hoshi 1972 ) .
RESULTS

Experiment 1. Injection of autologous bursal cells:
In the spleens of BXcontrol chickens, the periarteriolar area was populated with variable numbers of small lymphocytes with dense nucleus and scanty cytoplasm (periarterial lymphoid tissue). Similar aggregations of small lymphocytes were also observed in some places along the course of venous vessels in the splenic pulp (perivenous lymphoid tissue). In some spleens, the size and extent of these lymphoid tissues were smaller than in normal controls, but in the others, they were at near-normal level. The periellipsoidal area was scanty of, or rather deficient in, peculiar lymphoid cells which, in normal chickens of comparable age, form one or more-layered sheet of cells sheathing the ellipsoids (periellipsoidal lymphoid tissue). As described previously (Mori and Hoshi 1971, Hoshi 1972) , the periellipsoidal lymphoid cells are characterized by medium size, irregular outline, moderate affinity to basic dye of their cytoplasm and vesicular nucleus with small nucleolus. In these BX-control birds, germinal centers and plasma cells were also lacking.
Spleen sections of experimental chickens that received an injection of their own bursal cells showed little sign of restoration of the periellipsoidal lymphoid cells as well as germinal centers and plasma cells ( Table 1) . The periarterial and perivenous lymphoid tissues developed as similarly as in BX-control chickens. Experiment 2. Injection of autologous bursal cells and BSA: In this ex periment, small numbers of periellipsoidal. lymphoid cells, plasma cells and germinal centers were found in some spleens of both experimental and BX-control chickens. But there was only little recognizable difference in the appearance of these lymphoid elements between the two groups of chickens (Table 2 ). Though this experiment was designed nearly the same as that described by Cooper et al. (1966) , I could not confirm their observation that germinal centers and plasma cells were present in normal or near-normal numbers in the "reconstituted" birds. + Small lymphocytes aggregated in small clusters at the periarteriolar and/or the perivenous areas.
• experimental chickens which received twice injections of homologous bursal cells exhibited a limited but certain sign of restoration of the periellipsoidal lymphoid cells, germinal centers and plasma cells. In these birds, the periarterial and perivenous lymphoid tissues were occasionally expanded (Table 3 ).
In the spleens of both experimental and BX-control chickens, small reticular cell aggregations were not infrequently observed within the masses of the periar terial or the perivenous lymphoid tissue. These reticular cell aggregations were composed mainly of reticular cells but they contained variable numbers of large lympocytes with intensely basophilic cytoplasm (Fig. 1) . When they were populated with a considerable number of those large lymphocytes, it was difficult to distinguish them from the normal germinal center in early stage of its formation. Such a case was frequently found in the chickens of the experimental group I . Experiment 4. Injection of autologous bursal cells at around 2 weeks of age: As the data of BX-control chickens in Table 4 indicate, the BX-treatment undertaken at 2 weeks of age or some days later was less effective than that carried out in the newly hatched period. In many cases, a small number of periellipsoidal lymphoid cells were found scattered at the periphery of each ellipsoid (Fig. 2) , and germinal centers and plasma cells were also observable, though small in numbers.
The spleens of experimental chickens that had received their own bursal lymphoid cells exhibited a considerable restoration of the bursa-dependent lymphoid elements as compared with BX-control chickens. In many of experimental chickens, a considerable number of lymphoid cells were found at the periellipsoidal zone, forming a continuous layer of cells sheathing the ellipsoids (Fig. 3) . In such birds, germinal centers and plasma cells were more numerous than in BX-control chickens.
In both groups, the periarterial and perivenous lymphoid tissues were of near-normal appearance.
DISCUSSION
In the previous report (Mori and Hoshi 1971, Hoshi 1972) , we postulated that the lymphoid cells aggregated in the periellipsoidal areas of the white pulp of chick spleen may derive from the bursa, based on the following observations: these lymphoid cells are morphologically quite different from the small lymphocytes which constitute the vast majority of free cells in the periarterial and perivenous lymphoid tissues; bursectomy and whole body X-irradiation in the newly hatched period result in a marked depletion of the periellipsoidal lymphoid cells and plasma cells and a failure of development of germinal centers, while the small lymphocyte population in the form of the periarterial and perivenous lymphoid tissues remains unimpaired ; thymectomy and whole body X-irradiation or repeated irradiation of the neck do not prevent the occurrence of the periellipsoidal lymphoid cells around every ellipsoid.
The purpose of this investigation was to restore the periellipsoidal lymphoid cells in the bursectomized-irradiated chickens by the injection of live bursal cells. This purpose was achieved in one (Experiment 4) out of four experiments tested in the present study. Bursectomy and X-irradiation at around 2 weeks after hatching as carried out in Experiment 4 of this study was accompanied with fairly remarkable depletion of periellipsoidal lymphoid cells and plasma cells and a reduction in number of germinal centers. Injection of autologous bursal cells to such treated birds resulted in, 10 days later, a considerable restoration of the periellipsoidal lymphoid cells as well as germinal center cells and plasma cells. Meanwhile, in Experiment 3, neonatally bursectomized-irradiated chickens receiving homologous bursal lymphoid cells showed only a little sign of reconsti tution of bursa-dependent lymphoid elements in their spleens when examined 10 days after the injection, notwithstanding the number of inoculated bursal cells was sufficiently large. It is conceivable that homologous bursal cells inoculated were eliminated immunologically by the host during the period of 10 days. It is yet obscure whether or not occasional expansion of the periarterial and perivenous lymphoid tissues in these birds has any relation to the rejection of the inoculated bursal cells from the host. reticular cells observed sometimes within masses of the periarterial or the peri venous lymphoid tissue of the bursectomized-irradiated birds . Some of these reticular cell aggregations contained a considerable number of intensely basophilic , l arge lymphocytes and showed some resemblance in appearance to the germinal center in an early stage of its formation (Hoshi 1972) . My tentative impression is that such reticular cell aggregations may correspond to the site of germinal center development in normal chickens.
